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Microbial parametersAbstract Maintenance and enhancement of the quality of degraded soil are, in essence, dependent
upon the improvement of physical, chemical and biological properties of the soil. Improvement in
microbial parameters of the degraded soil was studied in the present experiment through the effect
of fertilizer sources and levels and cropping patterns in a factorial design in northern Pakistan. The
experiment was designed in RCB with split plot arrangements. Cropping patterns i.e. maize–wheat–
maize (C1), maize–lentil–maize (C2) and maize–wheat + lentil intercrop-maize (C3) were kept in
main plots while fertilizer treatments; the control (T1), 50% NP (T2), 100% NPK or the recom-
mended dose (T3) and 20 t ha1 farmyard manure integrated with 50% mineral N and 100% P
and K (T4) were tested in sub-plots during the study. Maximum and signiﬁcant improvement in
microbial parameters was recorded in T4 with 44, 24, 27 and 24.6% increase in total nitrogen (total
N), mineralizable nitrogen (MN), microbial biomass nitrogen (MBN), and microbial biomass car-
bon (MBC) after a 10 day incubation period over the T3, respectively, in the surface soil and 10%,
21%, 24% and 24.2% increase in the corresponding microbial parameters in the sub soil. The crop-
ping patterns having cereal–legume rotation also improved organic soil fertility by 25%, 11.4%,
13% and 44% increase in total N, MN, MBN and MBC after a 10 day incubation period over
the cereal-cereal rotation, respectively, in surface and 4%, 11%, 10% and 31% increase in the cor-
responding microbial parameters in the sub surface soil. The conclusion was that degraded alﬁsols
require 50% N from the organic sources out of its total N requirements along with the inclusion of
legumes in the traditional cereal–cereal crop rotation for the recovery of its microbial parameters.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
In response to population pressure during recent years, main
attention has been focused on yield maximization. For this
purpose, farmers in Pakistan have been using only nitrogenous
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yield, other plant parts are also being removed from ﬁelds
for fuel or fodder purposes. Such agricultural practices have
changed the natural balance of nutrient cycling in the soil.
The result is a steady decline in soil organic matter and loss
of soil productivity. According to Yoo et al. (1974), imbalance
in the use of chemical fertilizers, along with being an economic
loss to the farmers, may bring about deterioration in the soil
environment. Chemical fertilizers applied to soils can provide
crops with speciﬁc nutrient elements, but not with all the essen-
tial elements they need. But to have a successful crop produc-
tion on a sustained basis, the other essential nutrient elements
for crop production must be supplied from other sources
(FFTC, 1992). On very poor soils, the successes of fertility
rehabilitation schemes require recovery of soil organic matter
and mineral nutrient cycling in the soil. If the soil is an
eroded/degraded soil, suffering from the effects of past soil
erosion which have decreased agricultural productivity, might
be ameliorated by employing soil organic matter enhancing
management, such as practiced by farmyard manure use in or-
ganic farming (Banning et al., 2008). In many arid and semi-
arid areas of the world where sustainability of agriculture is
limited by soil degradation, use of biological potential may
be a key component of sustainable plant production (Nia
et al., 2012). Some keys to agricultural success are to use the
soil biology potential to maintain soil fertility, and to guard
against erosion and water limitations (Zarea, 2010).
The soil under study had also been suffering from the ef-
fects of past soil erosion. Physiographic position of the land
was nearly level to gently sloping, yet the imbalance in fertiliza-
tion and the traditional cereal–cereal cropping system had not
been able to restore the natural fertility of these soils. To in-
crease the crop production and farm income, these soils re-
quire careful handling and land management on scientiﬁc
lines to make it productive on a sustainable basis. Sound crop
management methods need to be developed and practiced on
these soils to conserve and restore its fertility. Integrating or-
ganic and mineral fertilizers not only enables the farming sys-
tem to better adjust to the effects of climate change but also
offers a chance for restoring soil fertility on a sustained basis.
Moreover, inclusion of legumes in crop rotations protects the
fragile soil surface and may even counteract erosive forces by
restoring the organic matter content and organic fertility of
such soils. The area under study has been characterized by
highly intensive agriculture (cropping intensity 114%), withTable 1 Physico-chemical properties of the experimental site before
Property Unit
Clay %
Silt %
Sand %
Textural class –
pH (1:5) –
EC. (1:5) dS m1
Organic matter g kg1
Lime (CaCO3) %
Total Nitrogen g kg1
Mineral N. mg kg1
AB-DTPA extractable P mg kg1
AB-DTPA extractable K mg kg1consequent risks to soil fertility deterioration that could be
limited by the efﬁcient utilization of fertilizer inputs and by
the inclusion of legumes within cropping systems, to restore
the natural fertility of these soils. This study was carried out
for two years to investigate for adopting cost effective soil fer-
tility improvement and crop productivity restoration measures
on the moderately eroded Missa soil series in District Swabi,
Khyber Pakhtunkhwa, Pakistan. This paper focused on the
use of organic and mineral fertilizers and cropping patterns
to improve the organic fertility of these eroded soils.2. Materials and methods
2.1. Site selection and classiﬁcation
Experimental site was selected on farmers ﬁeld through a ﬁeld
survey conducted in District Swabi (Khyber Pakhtunkhwa-
Pakistan) in coordination with Soil Survey of Pakistan, Field
Ofﬁce, Peshawar during May, 2006. The site selected was clas-
siﬁed according to the principles laid down in the key to soil
taxonomy, USDA (1998). The site was identiﬁed as Missa soil
series with moderate erosion hazard and USDA classiﬁcation
as ﬁne, mixed, hyperthermic, Typic Haplustalfs.
Soil samples were collected from the selected site at two
depths (0–20 and 20–40 cm) and were analyzed for the assess-
ment of pre-sowing fertility status. Composite pre-sowing soil
sample analysis from 0–20 to 20–40 cm depth revealed that
the soil texture was a silt loam, free from excess salinity,
alkaline in reaction and calcareous in nature. The soil was
deﬁcient in organic matter, low in N, P and K contents
(Table 1).
2.2. Field experiment
Field experiment was conducted for two years to investigate
cost effective measures for organic fertility restoration at the
selected site. The experiment was started in the spring of
2006 and was continued for four seasons continuously till
the fall of 2007.
The experiment was designed in a randomized complete
block design (RCBD) with split plot arrangements where crop-
ping patterns were kept in the main plots and fertilizer treat-
ments in the sub plots (size 20 m2). Fertilizer treatments
included the control (T1), 50% NP called as the farmer’ssowing.
Mean value (0–20 cm) Mean value (20–40 cm)
9.23 7.07
68.60 65.66
22.17 27.27
Silt loam Silt loam
8.1 8.2
0.14 0.14
6.9 2.8
12.43 14.8
0.4 0.28
14.58 7.29
0.8 0.1
68 64
94 W. Ahmad et al.practice (T2), 100% NPK called as the recommended dose
(T3) and 20 t ha1 farmyard manure (FYM) along with 50%
N and 100% PK also called as the integrated dose (T4). Crop-
ping patterns included; maize–wheat–maize (C1), maize–lentil–
maize (C2) and maize–wheat + lentil intercrop-maize (C3).
Urea, single super phosphate (SSP) and potassium sulfate
(K2SO4) were used as mineral fertilizer sources while well
decomposed FYM was obtained from The University of
Agriculture Peshawar Dairy Farm well before each seasonal
application and applied one month before ﬁeld cultivation.
In the case of 100% NPK, the fertilizer N was applied in
two splits. Soil was cultivated in each season with respective
crop rotation in each cropping pattern from the spring of
2006 to the fall of 2007. At the end of the experiment, soil sam-
ples from 0–20 to 20–40 cm depth were collected from each
treatment plot and were analyzed for soil microbial properties.
2.3. Soil analysis
Soil texture was determined according to the procedure de-
scribed by Tagar and Bhatti (1996). Organic matter in soil
samples was determined by the Walkely–Black procedure
(Nelson and Sommers, 1996). Soil electrical conductivity
(EC) was determined in a 1:5 (Soil:H2O) suspension following
30 min of stirring and read on an EC meter as reported by
Rhoades, 1996. Soil pH was measured in a 1:5 (Soil:H2O) sus-
pension on a pH meter (Model German Type B-124 using glass
and calomel electrodes) (McClean, 1982). Lime content was
determined by acid neutralization (US salinity lab staff,
1954). AB-DTPA extractable P and K, were determined by
the procedure described by Soltanpour and Schwab (1977).
Mineral N was analyzed by the method developed by (Mulva-
ney, 1996).
2.4. Microbial parameters
Microbial biomass C and N were determined by the methods
described by Brookes et al. (1985) and Vance et al. (1987). A
20 g soil sample was fumigated with chloroform to kill all mi-
crobes and then inoculated with 1 g fresh un-fumigated soil.Table 2 Effect of fertilizer treatments on soil organic fertility.
Parameters T1 T2
Depth 0–20 cm
Biomass C(lg g1) day 3 118.8 c (37.59) 155.0 b (30.45)
Biomass C (lg g1) day 6 73.1 b (23.13) 126.7 ab (24.89
Biomass C (lg g1) day 10 61.3 c (19.34) 97.3 b (19.12)
Biomass N (mg kg1) 34.17 c (10.81) 35.42 c (6.96)
Total N (g kg1) 0.61 d 0.88 c
Mineralizable N (mg kg1) 40.22 b 42.51 b
Depth 20–40 cm
Biomass C (lg g1) day 3 99.6 d (28.38) 130.1 c (32.53)
Biomass C (lg g1) day 6 88.3 c (25.16) 100.7 c (25.18)
Biomass C (lg g1) day 10 90.5 c (25.78) 96.2 bc (24.05)
Biomass N (mg kg1) 32.23 d (9.18) 36.30 c (9.08)
Total N (g kg1) 0.57c 0.77b
Mineralizable N (mg kg1) 36.84 b 40.23 ab
Means followed by the same letters are not signiﬁcantly different at the
Values in brackets represent MBC (lg g1 soil C) and MBN (mg kg1 soThis was then incubated for 3, 6 and 10 days in the presence
of NaOH in a vial suspended inside the ﬂask to trap the
evolved CO2. Another 20 g of the same soil sample was taken
in another beaker without chloroform fumigation and incu-
bated for the same time in the presence of NaOH to trap the
CO2 evolved. Microbial biomass C was determined by using
the equation;
Biomass C ¼ ðFcUfcÞ=Kc ð1Þ
where Fc = CO2 produced from the fumigated soil, Ufc = -
CO2 produced from the un-fumigated soil, and Kc = 0.45
(Jenkinson and Ladd, 1981).
The amount of soil microbial biomass N was calculated by
using the following equation;
Biomass N ¼ ðFnUfnÞ=Kn ð2Þ
where Fn =Mineral N (NH4 + NO3), mineralized during
10 days from the fumigated soil, Ufn =Mineral N
(NH4 + NO3), mineralized during 10 days from the un-fumi-
gated soil, Kn = 0.54 (Jenkinson, 1988). Mineralizable N
was estimated as the difference of mineral N determined at
day 0 before incubation and at day 10 after incubation by
using the Kjeldhal distillation procedure. Total N in the soil
was determined by the Kjeldhal method of Bremner (1996).
2.5. Statistical analysis
The data were statistically analyzed through the analysis of
variance procedure (Gomez and comez, 1984) using MSTATC
and MS Excel softwares. The treatment means were compared
using Least Signiﬁcance Difference (LSD) test of signiﬁcance
at the 5% and 1% level of signiﬁcance (Steel and Torrie, 1980).
3. Results
3.1. Microbial biomass carbon (MBC)
Fertilizer treatments showed signiﬁcant (P< 0.01) effects on
microbial biomass C during the different intervals of a 10 day
incubation period in both soil depths (Table 2). Soil microbialT3 T4 LSD (<0.05)
166.4 b (21.78) 228.6 a (24.19) 24.5
) 142.6 a (18.66) 178.8 a (18.92) 57.51
127.9 ab (16.74) 136.9 a (14.49) 34.63
41.77 b (5.47) 53.18 a (5.63) 4.52
1.1 b 1.6 a 0.09
43.23 b 49.84 a 4.82
153.9 b (26.49) 196.9 a (28.25) 23.07
139.2 b (23.96) 176.5 a (25.32) 34.39
122.2 ab (21.03) 142.6 a (20.46) 28.03
41.54 b (7.15) 51.69 a (7.42) 2.98
0.88ab 0.97a 0.13
40.31 ab 44.51 a 4.91
P< 0.05 level.
il C).
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received a mixed application of farmyard manure (20 t ha1)
and mineral fertilizers (50%N and 100% PK) during the entire
incubation time while the control plot had the lowest MBC
among the fertilizer treatments. Mineral fertilization alone in
T3 (100% NPK) and T2 (50% NP) also showed an improve-
ment in MBC during the entire incubation period. Thus the
MBC in T4, cumulative of the 10 day incubation period, aver-
aged at two depths (0–20 and 20–40 cm) showed 24%, 37%
and a two folds increase over T3, T2 and the control, respec-
tively. It was further observed that MBC in all fertilizer treat-
ments was at the maximum value during day 3 incubation in
both soil depths and it decreased with increasing of the incuba-
tion time (Table 1). Therefore MBC at different incubation
intervals was found in the following order; day 3 > day
6 > day 10.
The effect of cropping patterns on microbial biomass car-
bon at day 3 and day 6 incubation periods was non signiﬁcant
in the surface soil while it was signiﬁcant (P< 0.05) at the day
10 incubation period (Table 3). The cumulative MBC after a
10 day incubation period was signiﬁcantly (P< 0.05) affected
by the cropping pattern in the surface soil (0–20 cm). Cropping
patterns having cereals–legumes in rotation (C2) or cereal-le-Table 3 Effect of cropping patterns on soil organic fertility.
Parameters Maize–wheat–maize Maize–
Depth 0–20 cm
Biomass C (ug g1) day 3 139.2 (25.49) 181.6 (
Biomass C (ug g1) day 6 97.3 (17.82) 146.8 (
Biomass C (ug g1) day 10 73.0 b (13.37) 118.0 a
Biomass N (mg kg1) 40.19 (7.36) 45.47 (
Total N (g kg1) 0.95 b 1.18 a
Mineralizable N (mg kg1) 41.7 46.5
Depth 20–40 cm
Biomass C (ug g1) day 3 120.5 b (24.85) 159.6 a
Biomass C (ug g1) day 6 99.3 (20.47) 146.0 (
Biomass C (ug g1) day 10 103.6 (21.36) 118.0 (
Biomass N (mg kg1) 39.21 b (8.08) 43.31 a
Total N (g kg1) 0.81 0.84
Mineralizable N (mg kg1) 38.1 42.3
Means followed by the same letters are not signiﬁcantly different at the P
In brackets are the values of MBC (lg g1 soil C) and MBN (mg kg1 s
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Figure 1 Microbial biomass C (lg g1 soil) at two depths (a) surf
fertilizer treatments and cropping patterns.gume intercrop (C3) showed signiﬁcantly higher (44% and
47%, respectively) MBC over the cereal-cereal rotation. Crop-
ping pattern effect on MBC in the sub-surface (20–40 cm) soil
was signiﬁcant (P< 0.05) at day 3 incubation period while it
was non-signiﬁcant at day 6 and day 10 incubation periods.
However, the cumulative MBC content after a 10 day incuba-
tion period showed that the cropping pattern effect on the
MBC in the sub-surface soil was non signiﬁcant.
It was further observed that MBC in all the three cropping
patterns was at the maximum at day 3 incubation in both soil
depths and it showed a decreasing trend with increasing of the
incubation time (Table 3). Therefore MBC at different incuba-
tion intervals was found in the following order; day 3 > day
6 > day 10.
It was also noted that the interaction between cropping pat-
terns and fertilizer treatments was non-signiﬁcant for MBC
averaged at both depths (Fig. 1).
3.2. Total nitrogen
Fertilizer treatments showed a signiﬁcant (P< 0.01) increase
in total N content in both the soil depths. The 100% NPK
treatment (T3) recorded 79% and 55% increases while thelentil–maize Maize–intercrop-maize LSD (<0.05)
24.12) 180.8 (30.13) ns
19.50) 146.8 (24.47) ns
(15.67) 126.6 a (21.10) 40.79
6.04) 37.75 (6.29) ns
1.01 b 0.15
43.6 ns
(29.34) 155.3 a (31.57) 20.9
26.84) 133.3 (27.09) ns
21.69) 117.1 (23.80) ns
(7.96) 38.81 b (7.89) 2.06
0.73 ns
41.0 ns
< 0.05 level.
oil C).
0.00
100.00
200.00
300.00
400.00
500.00
600.00
700.00
T1 T2 T3 T4
(b) Fertilizer treatments
M
ic
ro
bi
al
 b
io
m
as
s 
C
 (u
g 
g-
1 )
C1
C2
C3
ace (0–20 cm) and (b) sub-surface (20–40 cm) soil as affected by
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
T1 T2 T3 T4
(a) Fertilizer Treatments
M
ic
ro
bi
al
 b
io
m
as
s 
N
 (m
g 
kg
-1
)
C1
C2
C3
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
T1 T2 T3 T4
(b) Fertilizer treatments
M
ic
ro
bi
al
 b
io
m
as
s 
N
 (m
g 
kg
-1
)
C1
C2
C3
Figure 3 Interactive effect of fertilizer treatments and cropping patterns, on microbial biomass N in (a) surface (0–20 cm) and (b) sub
surface (20–40 cm) soil.
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Figure 2 Interactive effect of fertilizer treatments and cropping patterns on total N in (a) surface soil (0–20 cm) and (b) sub surface soil
(20–40 cm).
96 W. Ahmad et al.50% NP plot (T2) showed 43% and 36% increases in total N
over the control treatment in the surface and sub-surface soil,
respectively. However, the plots treated with integrated appli-
cation of farmyard manure and mineral fertilizers (T4) re-
corded the maximum N among all the fertilizer treatments
which were 44% and 10% higher over the 100% NPK treat-
ment (T3) in surface and sub-surface soil, respectively
(Table 2).
The cropping patterns’ effect on total soil N was also signif-
icant (P< 0.05) in the surface (0–20 cm) and non-signiﬁcant
in the sub-surface soil. Cereal–legume rotation (C2) produced
signiﬁcantly higher total N content which was 25% higher over
the cereal–cereal rotation (Table 3) whereas cereal–legume
intercrop recorded a non-signiﬁcant increase of 6.4% over
the cereal–cereal rotation. In the sub-surface soil, the cereal–le-
gume rotation and cereal–legume intercrop showed only 4.4%
increase and 9.1% decrease in total N, respectively, over the
cereal-cereal rotation. The fertilizer treatments and croppingpattern interaction regarding total N was non-signiﬁcant both
in the surface and sub-surface soil (Fig. 2).
3.3. Microbial biomass nitrogen (MBN)
Fertilizer treatments signiﬁcantly (P< 0.01) increased micro-
bial biomass nitrogen (MBN) with the maximum increase in
mixed application of farmyard manure and mineral fertilizers
treatment (T4) both in surface and sub-surface soil. MBN also
showed improvement with each increment of mineral fertilizers
(Table 2). Thus MBN was 56%, 22% and 4% higher in T4, T3
and T2 plots, respectively, over the control plot in surface soil.
Similarly, MBN was 60%, 29% and 13% higher in T4, T3 and
T2 plots over the control, respectively, in sub-surface soil. It
was further noted that MBN increase in T4 over T3 was
27% and 24% in surface and sub-surface soil, respectively.
It was also observed that the cropping pattern effect on
microbial biomass nitrogen (MBN) was non signiﬁcant in
30.00
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Figure 4 Interactive effect of fertilizer treatments and cropping patterns, on mineralizable N in (a) surface (0–20 cm) and (b) sub surface
(20–40 cm) soil.
Recovery of organic fertility in degraded soil through fertilization and crop rotation 97surface soil while it was signiﬁcant (P< 0.05) in the sub-sur-
face soil. Averaging the MBN of surface and sub-surface soil
showed that the cropping pattern signiﬁcantly (P< 0.05) in-
creased the MBN content of the soil. The cropping patterns
having legumes in crop rotation showed highest MBN values
in both the surface and sub-surface soil (Table 3) and their
average MBN content was 11.8% higher over the cereal–cereal
rotation. It was further noted from the data analysis that the
fertilizer treatments and cropping patterns had non-signiﬁcant
interaction both in the surface and sub-surface soil (Fig. 3).
3.4. Mineralizable nitrogen (MN)
Fertilizer treatments showed a signiﬁcant increase in the min-
eralizable N in surface (P< 0.01) and sub-surface
(P< 0.05) soil (Table 2). Maximum content of MN was found
in T4 both in the surface and sub-surface soil which was 24%
and 21% higher over the control plot in the surface and sub-
surface soil, respectively. Averaged at both the depths (0–20
and 20–40 cm), an increase in MN in T4 over 50% NP (T2)
and 100% NPK (T3) was 14% and 13%, respectively. Mineral
fertilizer treatments, alone, also showed improvement in MN
as compared to the control plot and showed a 7.5% and
5.7% increase in T3 and T2, respectively, over the control plot
in the surface soil and a 9.4% and 9.2% increase in the respec-
tive treatments in the sub-surface soil (Table 2).
The cropping patterns effect on MN was non-signiﬁcant in
both the surface and sub-surface soil. However, legumes inclu-
sion in crop rotation, both as sole crop (11%) or as intercrop
(5.8%), improved the MN economy of the soil. It was further
observed that the interactive effect between fertilizer treat-
ments and cropping patterns on MN was non signiﬁcant both
in the surface and sub-surface soil (Fig. 4).
4. Discussion
Results showed that microbial biomass C was signiﬁcantly in-
creased with fertilizers in both the surface and sub-surface soil
as compared to the control. Maximum increase in soil micro-bial biomass C was observed in the plot treated with mixed
application of farmyard manure and mineral fertilizers. The
application of organic fertilizer (farmyard manure) and NPK
might have increased the soil organic carbon (Christensen,
1988; Courtney and Mullen, 2008) which acts as an energy
source for microbes and consequently increased soil microbial
biomass C (Goyal et al., 2006). Different doses of mineral fer-
tilizers cause variable rooting depths thereby causing stratiﬁca-
tion of soil organic C (Lorenz and Lal, 2005) which explains
the increase of microbial biomass C with each increment of
mineral fertilizers as well as the decreasing content of soil
microbial biomass C with depth. Also, the increasing soil
depth resulted in an adverse soil environment, like reduced aer-
ation and increased soil compaction (data not shown) that
might have reduced soil microbes to ﬂourish deep into the soil.
Data also revealed that soil microbial biomass C decreased
with increasing period of incubation. This might be due to
the decreasing content of easily metabolizable components of
the soil organic matter with time (N’Dayegamiye et al.,
1997) followed by slow mineralization and the formation of
more stable organic forms.
Cropping patterns containing legumes recorded a signiﬁ-
cantly higher content of microbial biomass C after 10 days
of incubation. The reason for this might be the N rich legumi-
nous organic matter (Giller, 2001) which might have stimu-
lated microbial activity (Bullock, 1992). Collins et al. (1992)
reported an increase in soil microbial biomass C, N and the
microbial population as a result of the inclusion of a legume
in wheat monoculture rotation.
Fertilizers improved total N content both in the surface and
sub-surface soils, with maximum values recorded in the plots
receiving mixed farmyard manure and mineral fertilizers.
Christensen (1988) also supports these ﬁndings. This might
be due to the total N in farmyard manure (10.6 g kg1) applied
externally to the soil. The increase in total N with mineral fer-
tilizers alone as compared to the control plot might be due to
more crop productivity that returned more plant parts to the
soil as compared to the control plot (Goyal et al., 2006; Holan-
da et al., 1998). With the inclusion of legumes in crop rotation,
the crop biomass that is left back in the ﬁeld contains nitrogen
98 W. Ahmad et al.rich residues (Ussiri et al., 2006) due to the biologically ﬁxed N
in the legume root nodules (Giller, 2001; Wartiainen et al.,
2008) which increased the total N content in soil as compared
to the crop rotation containing sole cereals.
Data further showed fertilizer application increased micro-
bial biomass N, and mineralizable N in both the surface and
sub-surface soils. Again, the maximum biomass N was re-
corded in mixed application of farmyard manure and mineral
fertilizers in both soil depths. The addition of organic and
inorganic fertilizers in an integrated form increased soil organ-
ic matter content that provides a carbon source and other
nutrients for microbes (Courtney and Mullen, 2008) and al-
tered the biochemical properties of the soil by increasing
potentially mineralizable N and microbial biomass C and N
(Monaco et al., 2008). Goyal et al. (2006) also revealed that
the amount of soil organic matter and mineralizable C and
N were higher in plots receiving organic treatments.
Cropping patterns that contained legumes in rotation re-
corded maximum values of NBN and MN in both the surface
and sub-surface soil. Jensen (1994) also reported similar re-
sults. The nodulated roots and above ground residues, after
the crop harvest, represent a valuable source of N (Giller,
2001) which reduce C:N ratio of the soil organic matter (Kar-
len et al., 1994) and its decomposition makes a meaningful
contribution to the N economy of the soil (Glasener et al.,
2002).
5. Conclusion
The results suggested that although the recommended dose of
mineralNPK fertilizers could have restored soil organic fertility,
yet it could not have reached the full potential limits where the
soil organic fertility level was raised by the integrated use of N
sources (50% from organic and 50% from inorganic sources).
Results further suggested that legumesmust be entered into con-
ventional cereal-cereal rotation to improve the N input and
microbial parameters of erosion induced degraded soils.Acknowledgement
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